Model-Checking of CTL on Infinite Kripke Structures Defined by Simple Graph Grammars by Quemener, Yves-Marie & Jéron, Thierry
Model-Checking of CTL on Infinite Kripke Structures
Defined by Simple Graph Grammars
Yves-Marie Quemener, Thierry Je´ron
To cite this version:
Yves-Marie Quemener, Thierry Je´ron. Model-Checking of CTL on Infinite Kripke Structures




Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de









appor t  

de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
Model-Checking of CTL on Infinite Kripke
Structures Defined by Simple Graph Grammars






ﬀ ﬁ ﬂﬃ !"$#% & '($)"*























Unite´ de recherche INRIA Rennes
IRISA, Campus universitaire de Beaulieu, 35042 RENNES Cedex (France)
Te´le´phone : (33) 99 84 71 00 – Te´le´copie : (33) 99 84 71 71
  	L C 
 ﬀ 2­.C'=C2 2-#%'.P/#­.C'2 C
& '$)P* ºP$2 

5ºP$2 )">?' C2 '>8 8 >$'12































































































































 w|0j_Fwj9ez?egn;²jxzwyficfiﬂ iﬃ !#"$Xjti¯uFw²skucw²|%xzuFn/xzetj9~|wxgwfimezn;j9xzwyfi³·






ﬀ ﬂ)+* -,/.»ji|g|wha~|qxgf*njisku"|xtj9xgnxzunc|n;x/f9ªj9xgfil*ws¿}Fegfi}~f¨|wxgwfi| ¯uw²sku
j9egnxgez{Fn_wmxzu~jx5|xkj9xgn¨·
r )+A-?w|5j*|n ð{Fn$~snfª|xkjxzn|'i6I10 I %1121212
j/|{~skuxzuj9x -435>i6I167 I1698 %0j":Ł·³µ1uFn




I10;   Vw¾Á  !"&ﬀKi2I>0(jk·

I10;  )($ºw¾ÁCfix>i2I10;  $ejt·























I10;  1^i2$%435$'0j­w¾ÁCª¬fae/|fal*n5}~jxzu i2I10 I %D1212E2 jk
1F3NHGAI!3KJML + I>6N;  $'+-PO!NQG=I:ORJS3KB IDT;  $%ZR8R·

I10;  - i6$% 35$'0j­w¾ÁCª¬fae/j9y³}~j9xgu~|hi2I10 I %D1212E2 jt
1F3NHGAI!3KJML + I>6N;  $'+-PO!NQG=I:ORJS3KB IDT;  $%ZR8R·
ÝÉÝ ÷Xp$öó(qñ
   2(	f A#&(f / (D :(&6A#+Pﬃ!`f&0&(=(&#
 
+V#%'(."/#0.'12 C5ºC 67 c'1>?): c'1>8 8 >?'2
  ) 	

















    	8)	  
©Pn?{|n?j?ª¬fiezlﬁj9w|l |wyl*wj9exzfmxzu~jxqfª1haekj}FuChietj9l*lVjek|0ª¬faeq°~Fwyxzn;y*n;}Fezn|g|wyFh
sn;egxkj9wy wyS°~Fwyxzn |xgez{~sxg{Fezn|·­©PnjiFj}Fx*wxcxzf sfa}ÌnC¯wyxzu»xzuFn ²j9~n;ywyFhCf9ªŁ|xkjxzn|
¯wxgu:jxzfilmw²s}Fegfi}~f¨|wxzwyfi~|	·0¼/{Fe_}Fegn|n;xkjxzwyfi"w²|qwy~|}FwyeznC¯wxguCxzuFnc}Fegn|n;xkjxzwyfi
f9ª­haekj}Fuhaekj9lmlVj9et|0lVjaSn5w Ní´j9{~aRË·
VÃò£ﬀÙÇﬁ­§Lr #&A# A )+`A#;0-ﬂ w²|j°~FwyxznŁ|n$xf9ª­yn;xzxgn;ek|	F¯uFn;eznŁj?}~f¨|wyxzwyÀ¨n
wxzn;han;e/w²|ji|g|fswj9xgn¯wyxzu njiskuVn;xgxzn;e "ﬃﬂ·~µ1u~jx5wxzn;han;ew²|xzun<A#&(8-d=qfª É·ﬂ
s;j9 ~n¿}j9ezxgwxgwfiFn*w |n$xk| ﬂ 6¬F¯wxzu #"!ﬂ 6³w Á"xzuFnŁjezwxcf9ª w| 3z·
VÃò£ﬀÙÇﬁ­§~¶Ln;x ﬂ ~n?jhaekjaSnVj9y}Fu~j9~n;x$·Lr/ `=)(&32(-d&(/10-d/1&  w|j?sfi{F}n
i ﬂ#"%$j?¯uFn;egn%  iﬁ$ &$ ﬁﬀ$Cj?w²|*jP°~wxzn#5ezw}®¨nC|xgez{~s	xz{Fegn¨j9'"%$w|















.I % 2E212 I( * :L¯uFn$eznR.I % 21212 Iﬀ(mw²|5jPuS}~n;etj9etsiLj~  w|5j9"uS}~n;et|xzeg{~sxg{Fezn¨
j9~VxzuFn5I16-j9eznŁSw|xgw~sx|xtj9xzn|(fª ﬁ$5·
µ1uFn ez{Fyn|?f9ª|{~sku¸jPhaekj9lmlVj9e?wy~Sw²s$j9xznV¯u~jx*}~jxzxzn$ez u~ja|xzf:~nCha{Fn xgf
j9ºwwxzwj9­uS}~n;et|xzeg{~sxg{Fezn¨j~PxzunV|xtj9xzn| I 6 w~w²s;jxznc¯uFw²sku:|xkjxzn|u~j;À¨ncxzfC~n
l*n;eghinª¬faeha{FwyFhCxzun,}j9xzxgn;ezÍ·­µ1uFw²|ha{FwyFhPfa}~n;ekjxzwfa w|}Fezns	w²|n$"Sn°Fnºji|
ª¬fiyf¯/|·
VÃò£ﬀÙÇﬁ­§/wyÀ¨n;:jV|xzez{sxz{Fegnhaekjl*lVj9e *«j9~ j9:uS}~n;et|xgez{~sxg{Fezn J 
&(aI&08-Z32 %#c2(-Zd)Łxzf?j5uS}~n;et|xgez{~sxg{Fezn Pj~¯1nfixzn  * :iw ªgøª¬fae|filmn


























(jﬀﬁ^i2I %0jP21212ﬂ^i2Iﬀ(#jﬁ.I % 21212 I( ")"%$ﬃ







































UFezfal Ff¯ fi³¯1n"ezn|xzegw²sxmfi{Fe |xg{~S xgf |wl*}nC|xzeg{~sxz{ezn"hiekjl*lVjek|­wË· n¨·
hietj9l*lVjek|­¯wxzuVfaF*faFneg{FnøS¯uFfø|negwhauSxl*n$l?Ìn$e0uji|fiFy*fiFn_uS}~n;etj9etsi·
¶Ln;x$ ~nj~j9xg{FekjË±j9~%"]jj9~n;³f9ª-uS}~n;etj9eks5fªj9egwx&"·



































wl*}~fø|n_xzu~jxDﬂ -43" N o 2 2 %Rﬃﬁﬀ(),+>i 0 1 6jNMﬀ
,


































































































µ1uFn$³Swy*xzuFn |zj9lmn5¯j;mji|0ª¬fie '0¯1n_s;j j9}F}FyxguFn5eg{Fn5fª *)0xgf ' TS¯uw²sku
ezn;¯egwxgn|(wyCfiFnc|xzn;} xzf ' T8 %;·³µ1uFnu}Ìn$ek|xgez{~s	xz{Fegn ' T8 %¿À¨n;egw¾°~n|1xguFncsfa~Swxgwfa~|
xzu~jxj9ezn/Fns	n|z|gj9ezŁxzfŁj9}}FŁfiFn/l*fiegn1xgwl*n­xzunqeg{Fnf9ª*)0­xgf ' T 8 %·i©Pn/s	fi~|xzez{sx



















hietj9l*lVje *)0/fi '0ij9~& 05xzuFn_wSn;xzwx?fa *).+·














|{~skuVxzu~jxq¯n_u~j;À¨n ﬂ 1F35 I   6di
7
jk·




























































 $ 0 jN	 0





































ﬁ  =	     	)	8
r wyFnjej9yhifaezwxguFlJª¬fie/skuFnsk®SwyFh?´µ¶ª¬faezlc{F²ja|ﬃfa*°~Fwxgn_|xgez{~s	xz{Fegn|0¯ji|1}Fegn|n;Ê










































"#Ii2$ ' jﬁﬁﬀ 	
 
	 i6I' $ 
'










	>i6I' $(% + $'0j  	 0 ﬀ
	

i2I' $%j   	 0H+
ﬀ












jiskuFwn$À¨n*xkj®SwyFhcji|xzuFn_Fn$¯ wyFwxgw²j9±hietj9}Fu xzuFn_l*n;eghiwyFhfª '05j~ ·
UFfie_xguFn 1^i2$%435$'0j_j~=- i6$% 35$'0jª¬fiezlc{Fji|±xzuFncl*fSw °±s;j9xgwfaC¯w­~ncl*fiegn
sfilm}Fws;j9xgnLi~ns;j{~|n_xguFn5xzeg{FxzumÀij{Fnf9ªﬃj?|xkjxzn5ª¬fie|{~skuVj¿ª¬faezlc{F²j_s;jn;}~n;~
fi»j9y1wyxk||{~s;sn|z|faek|	%j9@fixfaF"xzun*wl*lmnSw²jxznŁfiFn|	·É©"n*}Fegn|n;xf9¯JxguFn




  	  	8= 	
ö
    	N





	;³sfauFn;egn;Sx/¯wxgu $%_j9~ $';·L©"nc|uf9¯YuFn$ezn?uFf¯ xgf
fiFxtj9wyºj,Fn$¯Jezn;}Fegn|n$Sxtj9xzwyfi"iﬂ'
0







o;   2(	f A#&(f / (D :(&6A#+Pﬃ!`f&0&(=(&#
  
	








ª¬ezfaSxgwn;egÊË|xkj9xgn|f9ª­xguFn iﬃ3  ojËÊfie 3ÙÊÙn$S}~j~|wyfi³·^Tqn;sn¨Sw ª%¯n®Ff¯«w¾ª-xzun¿ª¬ezfaSxgwn;e




qfaxkjVÌn$Fn ﬂSUFfiexguFncwFFn$ezÊ|xkjxzn|_f9ª/xguFn G9Ê¬n;}~j9|wfa³K ³xzuFnV|xkjxzn|_f9ªﬃ'0
n;sn;}Fx?xguFn |xkjxzn|<iﬂ021 6jk%wyx?w²|n;Ffa{Fhiu»xzf"®Sf9¯w¾ªxzunﬁª¬egfixzwyn;ezÊ|xtj9xzn|f9ª_xguFn G9Ê






3ToiSfªxzuFn 3ÙÊ¬n;}~j9~|wfaV|zjxzw²|Ë°~n|,1^i6$%635$'0jtðw ª±¯1n/®SFf¯ w ª³xzun(ª¬egfixzwn$ezÊ|xkjxzn|­f9ª
xzuFn'i 3 CojËÊ¬n;S}j9~|wfim|zjxzw|Nª¬1^i6$% 3H$('0jkic|xg{~SwFh_xzun²j9~n;ywyFhqª¬fie$%j9~C$'





























































j9 - G I  J  ﬂ
6













w¾ª-¯1n5°~~V|{~svu j?}~j9xguwy ŁSw²|g|{Fnmª¬egfil 3  T;|wy~sn5I= 6Zi	
7
T(jN  698 % iﬃ3 PT(jk·
¶Ln;x |{F}F}~f¨|n!¯n:fi  x,°~~Tj9 f9ªcxzuf¨|n }~j9xgu~|· Gª¯1nC°~~ wy  j!}j9xzu
i	
7





i2I16  $%0jA  	 0 >-35 GﬂI 3=I É³¯1nVs$j9
SnswSn_w¾ª-xzu~jx5}~jxzun$~j9Fyn|{~|(xgf*s	fi~sy{~Sn_xzuj9xI ;  1^i6$% 3H$'0jt~|wy~sn_¯1nŁ®SFf¯
¯uFn;xguFn;e­xzuFn1ª¬egfixzwyn;ezÊ|xtj9xznfª³xguFn5i 3  o jÊÙn;}~j~|wyfi/ 6?% i	
7

jN  6di 3 

j%|gj9xgw²|N°n|






































- C" N¾o 21212 %R   6 i	
7
>j ;  1^i6$ % 3H$ ' j
  T i
	
7
>j ;  1!i2$ % 35$ ' j
µ1uFn$³S¯n¿ujÀ¨n ﬂ
- C" N¾o 21212 %R   6 8 % i	
7
 j ;  1^i6$% 3H$'0j
 T8 % i
	
7
 j ;  1!i2$%635$'j
_¤Ç³Çk§³µ1uFw|1w²|/jSwyezns	xsfa~|n¨{Fn;sn_f9ª­xguFn_n;l*lﬁj¿·Lµ1un¿j9~n;ywh¨|0ª¬fie $%
j9~ $'cj9ezn xzuFn |gj9l*nª¬faexguFn |xtj9xzn|fª5xguFn  ª¬faf¯wyFhCn;}~j9~|wfa~|j;ª¬xzn;e?xguFn













































0  ^iﬂ021 T jN
	 0B 0 1 T ;  1!i2$ % 35$ ' j

7
0  ^i 3  T(jK





T0jN  	 0B -3 ﬁG=J 35ﬂ 6di
	
7













 j  	 0i~¯1ns;j9sfis{~nxzuj9x -435ﬁG?I









xzuFn#G9Ê¬n;}~j9~|wfa³1¯1n s;j {~|nCj:|wl*wy²je}FegfsnS{Fegn¨­jis$sfietSwFh"xzf n;l*lmj0xgf
Sn;xgn;ezl*wyFn­|{~s;sn|g|wyÀ¨n;/xzuFn­xgez{FxguÀaj9y{Fn|³f9ª±xzuFn|{~s;sn|g|wyÀ¨n0n$S}~j~|wyfi~|	·9©"n1wyxzn;etj9xgn
xzu~jxq}ezfsn{FeznŁ{FSxgw±¯1nŁSn;xgnsx1xgu~j9x/xzun ª¬egfixzwyn;ezÊ|xtj9xzn|1f9ª­xguFn SÊ¬n;S}j9~|wfij9~











T(j;  1^i6$% 3H$'0j
  8 6Zi
	
7




























   jt·0©"n"s;j Ff¯4lVj®¨nj:l*fn;Ê






ﬁ     
%	 *=	2 
¶Ln;xﬂ; '0';Lj~!;  ;~ÌncxzunV|w 	;n|qfª/xzuFncx¯1f}j9ezxt|¿fª/jﬁ°Fwxgnegn;}Fezn|n;xkjxzwfaPfªj
5ezw}®¨n|xgez{~s	xz{Fegn:¨j9~(; $;xguFnn;hixzu?fª³xguFnq´µ¶,ª¬faezlc{F²j1¯n/svuFnsv®5fa :·_Ufae
l*fSn;yÊËskuFnsk®wFhC$1~xzuncj9hafiegwxzul ¯wySn;xgn;ezl*wyFn ; $ ;Sw ÁLn$ezn;x5²j~n;ywFhø|(fª1xguFn
°~Fwyxzn*egn;}Fezn|n;xkjxzwfa³ji|_wx}ezfsn|g|n|_{F}¯j9etF|-j9~ sfil*}{Fxzn|5l*faeznmj9~"l*fiegn
sfilm}Fn;ﬁ|{FSª¬faezlc{F²ja|·F©"n?s;j   +i2$ejxzuFn?{FlcÌn$e1f9ª - 3Jj9~&103sfaFFnsxgwÀ¨n|
w $1·¨µ1uFn/n;À¨n;xz{j9Fl*fw¾°±s;jxzwyfi~|Éfª³xguFn(°Fwxgnezn;}Fegn|n$Sxtj9xzwyfims;j9clVj®¨n1hiegf¯ wxt|
fÀ¨n;ekj³|w











ª¬fiej9y ; $ ;|xzn;}~|1xguFnŁsfilm}Fn;wxŁf9ª-xzuFn|xzn$}~|0ª¬fie,- 3Jj9~ 103JsfaFFns	xzwÀ¨n|·
µ1uFn?°~et|x?|xzn;} f9ª/xzun*jhifaezwyxzuFl w|Sns	fil*}~f¨|nCw j,l*fSn$ÊsvuFnsv®wFhcf9ªﬃ'0






























o;   2(	f A#&(f / (D :(&6A#+Pﬃ!`f&0&(=(&#
}~j9xgxzn;eg  %;L¯uFw²sku


















N ´9loL1Qa R6l· F:·Ì´­²jez®¨n¨`l·ír·`lﬃlmn;ek|fi³j9~Vr· dÉ·:Løw²|xg²j·­rq{FxzfalVj9xgw²s  ­n;ezw °±s;j9xgwfa
fªXUwFwyxzn;ÊZL¨xkjxzn´­fa~s{Fegezn;xL¨|xgn;lV|oH|wh?µ³n;l*}~fietj9¶Lfihaw²s L¨}~nsw °±s;jÊ
xgwfa~|·ﬀ'  ﬃ`&3A# 2]A#0-.# 2 #ﬂﬁ &3#&3A#D6D6  SA##/A>132ﬂA#+ ,:=g2(-Z(Dh2	
Q1iË#jko;QaS·
N ´­fa{QiRVJ5·¨´­fi{eksn;yn¨·µ1uFnCFfa~jiw²scLønsfiSÊ¼/etSn;e­¶Lfahiw²s1fªqetj9}Fu|#GZG ﬂGËS°Fwxgn
/etj9}Fu~|_f9ª J1fa{F~SnC© w²xzu³·< A-(D6A-dAS,^=g2(-Z(Dh2 ﬃ!#&0=Lo ﬂo]Q  ﬃ
aiÉo$Qi·
N -n;etiR µ5·%n;egfi³· µ³n|xzwhª¬fae{F~fi{FSnSFn|z|fª5°Fª¬f svu~jFFn;|· ﬃ!#&-.A
X#D@)^/#-Z(&@,^>f(+0t%oio$ ﬂíaoio  ø­o;iaS·
N*FPL1Qa R Ł·F{n$e­j9~mdÉ·+LskuS{F}}³·Lµ1un_µ1uFn;faez?f9ªIl%~|d%{~|u~f9¯ rq{xzfilﬁj9xkj
j~ L¨ns	fi~SÊ¼/ekSn$e*¶Lfahiw²sa· ﬃ!#&-.AX#D@)^/#-Z(& ,^]f(+0k   ﬂ So  
o$QaS·
Ü¬ùÝ³Ü²à
Unite´ de recherche INRIA Lorraine, Technopoˆle de Nancy-Brabois, Campus scientifique,
615 rue du Jardin Botanique, BP 101, 54600 VILLERS LE` S NANCY
Unite´ de recherche INRIA Rennes, Irisa, Campus universitaire de Beaulieu, 35042 RENNES Cedex
Unite´ de recherche INRIA Rhoˆne-Alpes, 46 avenue Fe´lix Viallet, 38031 GRENOBLE Cedex 1
Unite´ de recherche INRIA Rocquencourt, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex
Unite´ de recherche INRIA Sophia-Antipolis, 2004 route des Lucioles, BP 93, 06902 SOPHIA-ANTIPOLIS Cedex
E´ diteur
INRIA, Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
ISSN 0249-6399
